Introduction {#Sec1}
============

Thymic epithelial tumors originate from typical epithelial cells and include thymomas and thymic carcinomas \[[@CR1], [@CR2]\]. Surgery remains the mainstay of treatment in a well-defined anterior mediastinal mass in the thymic bed, with negative tumor markers, absence of lymphadenopathy, and absence of continuity with the thyroid gland \[[@CR3]\]. Pericardial invasion is seen in stage IIB \[[@CR4]\] which necessitates pericardial resection that might be complicated with intra- or post-operative cardiac ruptures.

Case presentation {#Sec2}
=================

A 57-year-old previously healthy gentleman presented to our service complaining of a new onset shortness of breath for 2 months. He initially sought medical attention outside King Hussein Cancer Center (KHCC) where he was found to have a huge mediastinal mass on a chest x-ray from which a biopsy revealed a thymoma (Fig. [1](#Fig1){ref-type="fig"}). At KHCC, a chest computed tomography (CT) scan showed a lobulated anterior mediastinal soft tissue mass measuring 11.3 × 7.7 cm at the level of the aortic arch. It appeared to be inseparable from the anterior wall of the superior vena cava (SVC), compressing it mildly but keeping it patent. In addition, it had a wide area of contact with the ascending aorta and upper pericardium. Multiple small nodular soft tissue masses were seen in the anterior epicardial space, mostly representing small lymph nodes. Otherwise no other mediastinal lymphadenopathy was reported (Fig. [2](#Fig2){ref-type="fig"}a, b). Fig. 1Microscopic images of the resected thymoma. **a**; there is proliferation of squamoid cells with vesicular nuclei and prominent nucleoli. Scattered lymphocytes are seen admixed with the epithelial cells (H&E X40). **b**; the lymphocytes show positive nuclear stain for TdT (X40). Both features are supportive of the diagnosis of thymoma, B3 variantFig. 2 Chest CT scan with contrast, coronal view, mediastinal window showing a lobulated anterior mediastinal soft tissue mass lesion measures 10 X 6 cm (white asterisk) at the level of the aortic arch. The lesion is causing mild compression upon the SVC. However, the SVC is patent. The lesion is inseparable from the anterior wall of the SVC, shows wide area of contact with the ascending aorta, upper pericardium and associated with mild pericardial effusion

A multidisciplinary team explained to the patient and his family the treatment options, which included neoadjuvant chemotherapy and re-assessment of tumor size for potential resectability afterwards. The patient received two cycles of Cisplatin/Doxorubicin/Cyclophosphamide (CAP). Follow up imaging showed a slight regression in size of the previously noted anterior mediastinal mass which now measured 10.2 × 7.2 cm. The patient received a third cycle of neoadjuvant chemotherapy however, the tumor size remained unchanged.

The patient was then scheduled for a total thymectomy through a mid-sternotomy. Intraoperatively, there was a huge hard thymic mass invading the inner surface of the anterior pericardium and the right phrenic nerve, being very close to the left phrenic nerve. It was also attached to the superior vena cava, innominate vein (InV), ascending aorta (AsA) and part of the right middle and right upper lung lobes.

Total thymectomy with anterior pericardial resection was done; the tumor was dissected from the SVC, the InV and the AsA without complications, the right phrenic nerve was resected en bloc with the tumor and part of the pericardium while the left phrenic nerve was dissected from the mass and preserved. The operation was smooth and uneventful. Postoperatively the chest tube collected 2 l of blood and the patient became hypotensive despite receiving two units of packed red blood cells (PRBCs) and intravenous normal saline. The decision was then made to take the patient back to the operation room and an emergency surgical site exploration via reopening of the midline sternotomy was done within 3 h of the first procedure.

The bleeding source was identified from the left internal mammary vessel and was controlled by clipping, cautery and SURGICEL (Ethicon US). During the intraoperative thirty-minute monitoring for blood pressure improvement, the patient developed ventricular tachycardia, and the defibrillator could not be readily started for technical reasons, so the heart became severely distended and developed asystole. Cardiopulmonary resuscitation (CPR) was initiated manually by cardiac massage with intra-cardiac adrenaline injection. Right ventricular rupture occurred with a 3-cm hole that was followed immediately by an attempt of Proline stich repair that failed, so manual massage continued with a hand closure of the defect until the sinus rhythm reverted. Eventually, repair of the defect was successfully achieved with pericardial patch. Meanwhile, the blood loss was compensated by continuous blood infusion. Within 5 h, the patient received a total of thirteen units of PRBCs, eleven units of fresh frozen plasma (FFP) and one unit of single donor platelet. Blood pressure and vital signs improved afterward and the heart returned to a synchronized rhythm.

The patient was transferred to the intensive care unit (ICU) on mechanical ventilation for observation. An echocardiogram was done the next day; the left ventricular ejection fraction (EF) was 60% with no evidence of thrombi. On the second post-operative day, the patient developed atrial fibrillation (A.Fib) which was controlled with antiarrhythmic medication (Amiodarone). The patient's overall status and multi-organ functions returned back to normal during his prolonged ICU stay. However, he remained dependent on ventilator support in spite of multiple trials of weaning. This necessitated a fluoroscopy scan that revealed no appreciable movement in both hemi-diaphragms (Figs. [3](#Fig3){ref-type="fig"}, [4](#Fig4){ref-type="fig"}), suggesting bilateral phrenic nerve palsy and a decision for elective tracheostomy was made on the 8th post-operative day. Fig. 3 Post-operative chest CT scan, axial view, mediastinal window at the level of the aortic arch (**a**) and the level of the heart (**b**) showing complete excision of the anterior mediastinal mass via midline sternotomyFig. 4 Post-operative chest CT scan, coronal view, mediastinal window showing diaphragmatic elevation

The patient remained completely dependent on the portable mechanical ventilator for a total of 2 months and was discharged from the ICU to the surgical floor 66 days post-operatively with aggressive chest rehabilitation and physiotherapy. He was gradually weaned off ventilation and was discharged on the 85th post-operative day. His tracheostomy tube incision site was closed 5 months after the initial procedure. Two years from the incident, the patient remains in complete remission and is back to his normal daily life with minimal shortness of breath, controlled by an inhaler.

Discussion {#Sec3}
==========

Thymomas are rare tumors with an incidence of 1.5 cases/million individual, with higher incidence reported in African Americans as well as Asians and Pacific Islands which indicates a possible genetic component. It remains however, the most common primary anterior mediastinal tumor \[[@CR5]--[@CR8]\].

They typically occur in adults 40 to 70 years of age, and rarely reported in children and adolescents. Thymoma are generally associated with good outcome and a 5-year survival rate of approximately 90% \[[@CR8]--[@CR10]\]. Usually asymptomatic, some thymoma patients present with chest pain, cough, or dyspnea. Around 30 to 50% of patients with thymomas have myasthenia gravis \[[@CR9]\]. Although thymomas can be locally invasive (e.g. pleura, lung), they uncommonly spread to regional lymph nodes or extra thoracic sites \[[@CR10]--[@CR13]\]. Surgery in the form of total thymectomy and complete excision of tumor (R0) is the recommended treatment option \[[@CR14]--[@CR16]\]. Adjuvant radiotherapy is only recommended in cases of incomplete resection \[[@CR17]--[@CR20]\]. or with locally advanced thymomas. Neoadjuvant chemotherapy, using CAP regimen, is advised to be followed by an evaluation for surgery in cases deemed un-resectable initially \[[@CR18]\], an effect that was documented in our patient that resulted in the shrinking of the thymic mass.

The first case of cardiac rupture (CR) was described by William Harvey in 1647 \[[@CR21]\], and the most common cause of CR is myocardial infarction \[[@CR22], [@CR23]\]. Other causes are infective endocarditis, myocardial abscess, dissecting aneurysm of the sinus of Valsalva, syphilitic myocarditis, tuberculosis, echinococcal cyst, trauma and malignancy \[[@CR24]\]. Rupture of the free ventricular wall is the most severe, with a 10% incidence in the left ventricle \[[@CR25]\]. and much rarer in the right ventricle as reported by Soriano et al. \[[@CR26]\], Basarici et al. \[[@CR27]\], and De Gennaro et al. \[[@CR28]\] as septal rupture associated with right ventricular wall dissection. Niclauss et al. \[[@CR29]\] described right ventricular rupture due to mediastinitis.

Cardiorrhexis remains a major cause of death after acute myocardial infarction with a usually delayed diagnosis preventing a chance of successful repair. Once achieved, successful repair of ventricular rupture is followed by long-term survival in the great majority of patients (mean follow-up, 30 months). Thus, attempts to salvage these critically ill patients are worthwhile \[[@CR30]\]. Cardiac surgical repair includes two techniques; sutureless, where a patch (Dacron, Teflon, or pericardium) is secured to the infarcted myocardium with the use of tissue adhesive (biological glues or synthetic cyanoacrylate monomers). On the other hand, sutured techniques use a prosthetic patch (Teflon or Dacron) or direct closure under the Cardio-Pulmonary Bypass (CPB) \[[@CR31]\]. Several studies published by Padro, Lijoi, and Mariani, who reported 13, 2, and 1 patient respectively, reported ventricular free wall rupture repair due to myocardial infarction without CPB and without any complication post-operatively \[[@CR32]--[@CR34]\].

Our patient suffered from right ventricular wall rupture while attempting to resuscitate him following cardiac asystole. No bypass machine was available at the time of surgery, so manual resuscitation was performed until sinus rhythm reverted followed by primary pericardial patch sutured repair and prolonged ICU (p.ICU) stay that included extensive chest physiotherapy and a strict physiotherapy regimen.

Based on a study on post-operative cardiac patients with p.ICU stay, Rocker et a.l concluded that p.ICU stay beyond 48 h has a potentially increasing risk of long-term mortality \[[@CR35]\]. Lei et al. also concluded that extended ICU stay beyond 28 days carries a high mortality rate \[[@CR36]\]. Hörer et al. indicated that a higher successful weaning rate was recorded in patients with higher physiotherapy that resulted in greater muscular gain and ended up with early weaning of ventilation \[[@CR37]\], an idea that was supported by Nava et al. \[[@CR38]\], Carlucci et al. \[[@CR39]\], and Martin et al. \[[@CR40]\] and that was applied to our patient.

Conclusion {#Sec4}
==========

Thymic mass resection is associated with a risk of bleeding, post-operative wound infection, recurrence, and injury to adjacent structures. We report a case of a 57-year-old previously healthy gentleman, who was diagnosed with an invasive thymoma, treated with chemotherapy followed by surgical resection. Postoperatively he spent more than 2 months in the ICU following an incidence of cardiac rupture during an attempt of CPR. Being a tertiary cancer center, we do not have the equipment needed to perform cardiac bypass surgeries in the event of cardiac rupture. We were forced to use basic techniques in order to save our patient's life which we enhanced by vigorous and yet adequate chest and whole body physiotherapy that we believe resulted in his fast recovery and returning to his normal life.
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